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(54) NOx REMOVING PAVEMENT STRUCTURE 

(57) The NO x -c!eaning paving structure of the 
present invention comprises a concrete base layer 1, a 
paving layer 2 and a surface layer 3 as illustrated in Fig- 
ure 1. The surface layer 3 comprises 100 parts by 
weight of cement, 5-50 parts by weight of titanium oxide 
powder and 100-700 parts by weight of aggregate, by 
which the surface layer on the paving layer can be pro- 
vided with an NO x -cleaning action and an excellent 
durability. 

In addition, pozzolan materials, particularly a blast 
furnace slag, or adsorbing materials can be added to 

FIG. 1 



the surface layer. The paving layer 2 comprises an 
asphalt paving 21 or a concrete paving 6, both of which 
may include the used paving layers. It is preferable that 
the asphalt paving is porous and the surface thereof has 
an unevenness. Additionally, it is preferable that the 
thickness of the surface layer is 1-300 mm for the con- 
crete paving and 2-15 mm for the asphalt paving. 
Among cement, injection cement for half-flexible paving 
is preferable. 
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Description 
TECHNICAL FIELD 

roooil The present invention reletes to an NOx-cleaning paving structure, and more particularly to an gleaning 
K stSeTn IcTa NO x -c.eaning action and an excellent durability are provided to the surface layer of a paving 
layer or a surface layer constructed by Overlay method for a paving layer. 

BACKGROUND ART 

rooo2l NOvisoresentin exhaust gas discharged from automobiles, particularly diesel motorcars. Air pollution caused 
LTcL rSncSS Tbec?use of le increasing number of automobiles in use. because of increased trafftc conges- 

Kn'ol 6 NOx concentration-towering material inciude metal oxides, of which titanium oxide, more particularly 

KLvJ of NQ^ * externa, walls of buildings constructed of sheets or panels which incorporate titanium 

SSisi 6 Td^eS^^ present inventors have f Ned the patent appfications of HE. 8-38137. 

wlsssZ fnE^loTZ^zeeSS relating to NOx-cleaning materials having titanium ox.de in cement from 
the stSSnt thLfa che^cal stabi.Hy is required for materials by which titanium oxKfe is heto" since titanium diox.de 

fo^^pSm inventors have now found that the fol.owing advantages can be obtained when NO x -c.eaning 
materials are used as a surface layer provided to a road surface. 

(1) The surface of road has many chances to be attacked by sunlight and rain as the surface thereof is flat with 
result that great effects are obtained for cleaning capability and refreshing. 

(2) Paving layers can be simultaneously exchanged as a public off ice controls roads. 

(3) As distances between roads and automobiles are short, an efficiency of contact with an exhausting gas includ- 
ing NOx is high. 

rnnn-n Thouoh there was proposed a plan of holding titanium oxide in asphalt in case of asphalt paving of paved 
roT the aihalt usS SneraTroads'has a defect of deterioration cased by the photocatalytic action as well as a 

fo^n~se^^ 

Stt^ concrete a larqe quantity of expensive titanium oxide is used, which is economically undesirable 
?0^091 ^ CoSde r n g the above-meniioned situation, in the former case of asphalt paving, the present inventors have 
S that a Sv^ roadwittiout deterioration of asphalt and having an excellent durability can be obtained by proving 
found that a pavea roac. «»nou thereinto, not by adding d.rectly titanium ox.de to 

^St™^ 

S used ei JeTby P^ding a surface lay* including titanium oxide on the concrete paving or by proving a surface 
.aver including titanium oxide on a used concrete paving arranged by . concrete , ^ ™*"< . 
ram 1 1 The present invention has been carried out, based on the above-mentioned findings. 

2 IHHSSS. oTobjec. of the present invention is to provide an NO x -c.eaning paving structure havmg a sur- 
face laver on a paving layer which is excellent in an NOx-cleaning action and durability. orfa „ olauis , 
moi iT Another object of the present invention is to provide an NOx-cleaning paving structure having a surface layer 
whichis pro^dS onTpaving layer by overlay method and excellent in an NOx-c.eaning action and durability. 

DESCRIPTION OF THE INVENTION 

[0014] The above-mentioned objects of the present invention are achieved by each of the following inventions (1) to 

mm 51 Throuohout the specification and the claims, the term "for paving purposes" includes within its scope the "pav- 
ing eway? o? ^Zm£. The NOx-cleaning paving structure of the present invention is provided with the following 



2 



<EP 091 9667 A1J_> 



EP 0 919 667 A1 



excellent effects. • 

(1) The basic NOx-cleaning paving structure of the present invention comprises a paving layer and a surface layer 
in order, the surface layer being obtained from 100 parts by weight of cement, 5-50 parts by weight of titanium oxide 

5 powder, 100-700 parts by weight of aggregate and 5-100 parts by weight of water. As the surface layer contains 

both cement and titanium oxide, the paving having an NOx-cleaning capability and an excellent durability is availa- 
ble. 

(2) In the invention described in the above-mentioned (1), by adopting the paving layer composed of asphalt paving, 
10 the surface layer including titanium oxide is provided on the asphalt layer with the result that the asphalt layer is not 

deteriorated by titanium oxide, and as the surface layer contains cement, the surface layer is excellent in durability. 

(3) In the invention described in the above-mentioned (1), titanium oxide can be contained only in the surface layer 
by adopting the paving layer corrposed of concrete paving, thereby to use expensive titanium oxide efficiently. Fur- 

is thermore as the structure has the surface layer containing cement on the concrete paving, the concrete paving and 
the surface layer are strongly adhered each other, thereby to form paving having an enhanced durability. 

(4) In the invention described in the above-mentioned (1), by adopting the paving layer composed of a part of used 
asphalt paving, there are available the effects of the present invention described in the above-mentioned (2) as well 

20 as it is not necessary to form again the paving from the beginning as the surface of the used asphalt paving is 
shaved off by overlay method and the surface including cement and titanium oxide is formed on the shaved part. 

Accordingly excellent effects can be gained in the points that the term of work is shortened and the cost 
becomes small. 

25 (5) In the invention described in the above-mentioned (1), by adopting the paving layer composed of a part of con- 

crete paving, there are available the effects of the present invention described in the above-mentioned (3) as well 
as it is not necessary to form again the paving from the beginning as the surface of the used concrete paving is 
shaved off by well-known concrete overlay method and the surface layer including cement and titanium oxide is 
formed on the shaved part. 

30 Accordingly excellent effects can be gained in the points that the term of work is shortened and the cost 

becomes small. 

It goes without saying that the surface properties of the used paving layer can be recovered and the structure 
thereof can be strengthened 

35 (6) In the invention described in any of the above-mentioned (1) to (5). sunlight penetration is possible by limiting 

the thickness of the surface layer to from 1 to 300mm and the catalytic reaction of titanium oxide can be performed 
efficiently. 

(7) In the invention described in any of the above-mentioned (1) to (6), the work can be carried out efficiently by 
40 forming the surface layer using a dough including a high- performance reduction- water agent as the fluidity of the 

dough is improved in the work. 

(8) In the invention described in any of the above-mentioned (1) to (7), the bending property and strength of the 
surface layer are afforded by forming the surface layer having 0.1 to 50 parts by weight of fiber, with the result that 

45 the enhanced durability of the paving is available. 

(9) In the invention described in any of the above-mentioned (2), (4) or (6) to (8), a strong base layer for the asphalt 
layer is available by providing the asphalt layer with the base layer made of concrete, with the result that the paved 
road excellent in durability is available. 

50 

(10) In the invention described in any one of the above-mentioned (2), (4) or (6) to (8), a strong base layer for the 
asphalt layer is available by providing the asphalt layer with the base layer comprising a rock bed, with the result 
that the paved road excellent in durability is available. 

55 (1 1 ) In the invention described in any of the above-mentioned (2), (4) or (6) to (8), the paving work cost is small and 

the work can be carried out efficiently by forming the base layer for asphalt comprising at least one selected from 
soil, macadam and stone, and the paved road formed has an NO x -cleaning capability corresponding to that of the 
paved road having the concrete base layer. 
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(12) In the invention described in any of the above-mentioned (2), (4) or (6) to (8). a part of the surface layer is pen- 
etrated into pores of a porous asphalt layer in the paving work by providing the asphalt layer which is porous, with 
the result that the surface layer and the asphalt layer are strongly adhered each other and the paving excellent in 
durability is available. 

(13) In the invention described in any of the above-mentioned (1) to (12), the surface layer is strongly adhered by 
proving the surface of the paving layer with an unevenness with the result that the surface layer is excellent in dura- 
bility, by which excellent effects are obtained for the paving of roadways. 

(14) In the invention described in any one of the above-mentioned (1) to (13), the surface layer is enhanced in 
strength and a water seal thereof is increased by adding 10-50 % by weight of an admixing additive comprising a 
pozzolan material relative to cement to form the surface layer with the result that the surface layer is enhanced in 
durability and in addition, there are available excellent effects such as strong resistance to an acid circumstance. 

(15) In the invention described in any of the above-mentioned (1) to (13), a hydrant reaction is made dull by adding 
10-50 % by weight of an admixing additive comprising a blast furnace slag having a powder value less than 
4000m 2 /g relative to cement to form the surface layer. 

(16) In the invention described in any of the above-mentioned (1) to (15). by adding 2-30% by weight of an adsorb- 
ing material relative to cement to form the surface layer, the following excellent effects are available: NOx is decom- 
posed and removed by sunlight of days(ultraviolet rays included in sunlight) as well as NOx 'S adsorbed by the 
adsorbing material during nights and is decomposed by ultraviolet rays with the result of removing NO x . 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0016] 

Figure 1 is a cross-sectional view of an NOx-cleaning paving structure of asphalt of the present invention. Figure 2 

is a cross-sectional view of another NOx-cleaning paving structure of the present invention. 

Figure 3 is a cross-sectional view of still another NOx-cleaning paving structure of the present invention. 

BEST MODES OF PRACTICING THE INVENTION 

[001 7] While the embodiments of the present invention are described below farther in detail showing examples, the 
present invention is not limited to the described embodiments. 

[001 8] The NOx-cleaning paving structure of the present invention is characterized by comprising in order a paving 
layer and a surface layer which is obtained from 100 parts by weight of cement. 5-50 parts by weight of titanium ox.de 
powder 100-700 parts by weight of aggregate and 5-100 parts by weight of water. 

[001 9] The paving layer includes asphalt paving and concrete paving. The asphalt paving is formed by known con- 
struction methods of asphalt roads. 

[0020] As the examples of forming the asphalt roads, there is a method of forming the asphalt layer of the present 
invention on a concrete base layer, anther method of providing a styrofoam layer and forming the asphalt layer of the 
present invention on the styrofoam layer, still another method of forming directly the asphalt layer of the present inven- 
tion on the worked surface of a road, namely the worked soil surface which is a base layer, still another method of form- 
ing the asphalt layer of the present invention on gravel, stone or the like laid as a base layer. The above-mentioned 
methods of forming the asphalt roads are selected from ones used in this technical field. 

[0021] Though asphalt for asphalt paving is not limited, in cases where asphalt is used on the concrete base layer, 
asphalt suitable for the concrete base layer should be selected and improved asphalt is preferable. The mother asphalt 
mixture of half-flexible paving materials has 20-28% of vacancy. Accordingly porous asphalt paving is available. 
[0O22] Special cement such as injection cement for half-flexible paving is preferable as the cement can be hardened 
early. In addition sand is added to the cement. 

[0O23] One example of the concrete paving comprises, in order on a roadbed, a macadam roadbed, an asphalt inter- 
layer and a concrete layer. The construction method is well known in the technical field of concrete paving. The overlay 
construction method in the present invention includes a method for used asphalt paving and a method for used concrete 
paving Among the two methods, a great construction effect is available especially for the used concrete paving. 
[0O24] Generally, the concrete overlay method is used for recovering the surface properties of the used concrete pav- 
ing or strengthening the structure thereof. Concretely, the concrete overlay method is carried out by shaving the used 
concrete plate and then sticking -treatment, followed by constructing a determined thickness of new concrete by tapping. 
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[0025] According 'to the present invention, the surface layer of the new concrete is obtained from 1 00 parts by weight 
of cement, 5-50 parts by weight of titanium oxide powder, 100-700 parts by weight of aggregate and 5-100 parts by 
weight of water. It is preferable to grind the shaved face of the used concrete paving with a method such as shotblast. 
followed by cleaning the ground face so as to reliably adhere the used concrete paving and the surface layer. 
[0026] According to the present invention, a sheet for preventing a refraction crack or a stress-relief layer or the like 
may be provided between the surface layer and the concrete layer to decrease the refraction crack. The sheet and the 
stress-relief layer prevent the refraction crack as well as have a cleaning action of the concrete layer attributable to rain- 
water. 

[0027] The types of adherence between the used concrete paving and the surface layer thereof comprise adhesion 
type, half-adhesion type, non-adhesion type or the like. The adhesion type is preferable as the finishing height is limited. 
[0028] According to the present invention, the cement for the surface layer may be conventional cement which 
includes normal Portland cement, high early strength Portland cement, super high early strength Portland cement, 
injection cement for half-flexible paving, moderate heat Portland cement, white cement, Portland blast furnace slag 
cement, alumina cement, low heat cement, superfast-setting cement, etc. Among them, the white cement is preferable 
as the cleaning efficiency thereof is high. Additionally a center line formed by white cement has an NOx-clearing capa- 
bility as well as is excellent in easy recognition thereof. 

[0029] Inorganic admixing additives such as pozzlan materials, Portland blast furnace slag cement or the like as well 
as organic admixing additives or additives ordinarily used in the technical field may be added to the mixture for forming 
the surface layer used in the present invention if necessary. The pozzolan materials are added by 1 0-50 weight % rel- 
ative to cement. 

[0030] The pozzolan materials or the pozzolan are compositions which are rich in silicon dioxide and alumina having 
the property of reacting with calcium hydroxide or calcium ion in the presence of water to generate new hydrates and 
which include artificial pozzolan such as fly ash, blast furnace slag, silica fume, chaff ash or the like and natural pozzo- 
lan originated in Siras white clay, volcanic ash. 

[0031] The pozzolan reaction is a reaction which generates new hydrates from pozzolan and calcium hydroxides or 
calcium ion. Though the hydrates generated by the pozzolan reaction are substantially the same as in Portland cement, 
the reaction is apt to generate hydrates having a low calcium content. The pozzolan materials content less than 10% 
by weight relative to cement is not sufficient to promote hardening , whereas the pozzolan materials content more than 
50% by weight relative to cement lowers the cement content relatively by which initial strength attainment becomes 
aggravated. 

[0032] In addition, in the present invention, in cases where an admixing additive for the surface layer is a blast furnace 
slag, the powder value of the slag is preferably less than 4000m 2 /g. The amount of the slag relative to cement is 10- 
50% by weight which is the same as that of the said pozzolan materials. 

[0033] In the present invention, the titanium oxide for the surface layer is preferably a powder which is not surface- 
treated. The particle size of the powder is preferably fine and the specific surface of the same is preferably more than 
5m 2 /g, more preferably 100-300m 2 /g. In the present invention, any titanium oxide is preferable as the same is provided 
with a clearing action, anatase type is more preferably. 

[0034] Titanium oxide showing 5-20% of weight loss comprising mainly moisture relative to titanium oxide when the 
titanium oxide is calcined in the rage of 150-800°C is easy to be mixed with cement, more preferably 8-15% of the 
weight loss. 

[0035] Also, the kinds of titanium oxide are not limited, titanium monoxide and titanium dioxide can be used individu- 
ally or in a mixed combination. In place of these titanium oxides, metatitanic acid, orthotitanic acid or the like which are 
intermediates can be used. 

[0036] In the present invention, the amount of titanium oxide for forming the surface layer, though depending on the 
types, particle sizes, etc. thereof is 5-50 parts by weight of titanium oxide powder relative to 100 parts by weight of 
cement, preferably 15-30 parts by weight of titanium oxide powder and more preferably 10-40 parts by weight of tita- 
nium oxide powder. 

[0037] In cases where the amount of titanium oxide powder in the surface layer of the present invention is less than 
5 parts by weight relative to 100 parts by weight of cement, the NOx-cleaning efficiency is inferior, whereas not only the 
anti-slip property is reduced but also the wear resistance is reduced in cases of exceeding 50 parts by weight. 
[0038] In cases where the amount of aggregate is less than 100 parts by weight relative to 100 parts by weight of 
cement, the anti-slip property and the wear resistance are reduced, whereas in cases of exceeding 700 parts the 
amount pf titanium oxide is relatively reduced with the result of impairing the NO x -cleaning efficiency. The composition 
of the surface layer of the present invention preferably comprises 10-50 parts by weight of titanium oxide powder, more 
preferably 20-50 parts , and 50-300 parts by weight of aggregate, each relative to 1 00 parts by weight of cement. 
[0039] Two kinds of coarse aggregate and fine aggregate can be used for preparing the surface layer of the present 
invention. The coarse one is preferably up to 20mm ,and gravel and crashed stones may be used, for examples. The 
preferable fine one is sand. In cases where glass grains or silica sand having a high light-transmissivity are used as the 
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sand, sufficient light can deeply penetrate from surface, thereby to provide an enhanced NOx-cleaning efficiency The 
grain size of the sand is preferably 1.2-5mm. . . t 

[0040] The dough used for the surface layer of the present invention includes a h.gh- perforrnance r^ucton- ja er 
agent Tne reduction-water agent may be conventional one. In cases of the high ™*~^Jj^ 
nesulfonic acid, p-naphthalensulfonic acid-formaldehyde condensation product or the Ike. for "JJJJSTJS Ssa- 
in cases of the high condensation products of melaminesulfonic acid. melam.nesulfon,c acid-formaldehyde condensa 

tion product or the like, for examples, may be used. . -ikviaiMsuifonate or 

[0041] Furthermore, denatured lignin derivatives, creosote oils group materials, polymers of alkylallylsulfonate or 
polycarboxyl acid group materials one example of which is oxycarboxyl add may be used. „, rhn n fibers 

[0042] U fibers for preparing the surface layer of the present invention ^SJSJSS 
plastic fibers, steel fibers, etc. Among the fibers, plasticfibers and steel fibers are preferable, and steel fibers are more 

SSn. the present invention, active carbon, zeolite, silica gel powder. Magadiite. V^^^Sl Sand Si 
ng materials for the surface layer. Among the adsorbing materials, active carbor us ^^^^^ y 
of adsorbing effect. Zeolite is also confirmed to have a high adsorbing effect and is f^f^^^^S^M 
of natural and artificial zeolite can be used. The amount of adsorbing , materials which «^J«gjf5S^k3 
by weight relative to cement results in decomposing and removing NO* during day by sunlight (ultraviolet rays .nciuoeo 
in the sunlight) under the action of titanium oxide. airbed NOv is 

[0044] Furthermore, during night NOx is adsorbed by the adsorbing materials and dunng , d ^ h ^^JJ* '* 
decomposed and removed by ultraviolet rays. If the amount of adsorbing materials is less than 5% by we.ght, the 
absorptive effect is not sufficient and the adsorption is imperfect during night having no ^" sn ' n * 
[0045] On the other hand, if the amount of adsorbing materials is more than 30% by weight rt ' n ^^.~ S ^* e 
r lative amount of cement and titanium oxide decreases with the result of decreasing strength and clean.ng efficiency. 
Incidentally "% by weight" may be represented by "ratio relative to 100 weight parts by weight ■ 

[0046] Other additives which includes resin emulsion, re-emulsified powder resin. AE reagent or the like can be used 

to increase the fluidity and adhesiveness of the dough. ^ rlax , mot hoH in the nresent 

[0047] In cases where the paving layer is concrete paving or used concrete paving in overlay method ,n the present 
invention, the surface layer thickness is 1-300mm. preferably 20-150mm and more P*™*** £J°TJ- surface layer 
[0048] in cases wherethe paving layer is asphalt paving (half-flexible paving) or used as phaH ^^^^SSJ 
thickness is 2-1 5mm, preferably 2-1 Omm. The surface layer can be formed on the asphalt layer complete^ °r partially 
[0049] According the present invention, in cases where the surface layer thickness is more than .^ mm - ■* 
hWto peSe and the titanium oxide layer is useless. On the other hand, if the surface layer thickness is .ess than 
1 mm. NOx-cleaning efficiency is reduced and durability is impaired. 

[0050 According to the present invention, it is preferable that the surface of paving layer is provided wrth anunwen 
ness The unevenness may be any patterns such as streaks, meshes, and embossed patterns. The strong adhesion 
between the paving layer and the surface layer is available by the unevenness. 

[0051 ] Acceding to the present invention, embodiments of road paving comprise a paving layer which s asphalt *>av 
ing or concrete paving anS a surface .ayer containing cement and titanium oxide ; formec on , *e ™*£2ZZ 
where the paving layer is composed of a part of used asphalt paving, overlay method is adopted ,n such £ 
the repaired parte of the surface of the used asphalt paving are shaved to expose new surfaces. Accord.ngly^after me 
new surfaces are exposed on the used asphalt paving, surface layers which include cement and titanium oxide are 

formed on the new surfaces. ^ n „ afa nQU ; nn concrete 

[0052] On the other hand, in cases where the paving layer is composed of a part of used ™™ e ^*™^™ "Jj 
overlay method is adopted in such a manner that the repaired parts of the surface of the used concrete pavng are 

45 shaved to expose new surfaces. loi/orc wh i rh include 

[0053] Accordingly, after the new surfaces are exposed on the used concrete paving, surface layers which include 
cement and titanium oxide are formed on the new surfaces. concrete 
[0054] According to the present invention, under the paving layer can be used a base layer which ^ r, ^ c ^ e 
1 rook bed or at least one selected from soil, macadam and stone. Concretely, when the paving 
the concrete base layer or the rock bed can be used as the base layer, and also at least one selected from so.l. mac 
adam and stone can be used as the base layer. . 
[0055] Similarly, when the paving layer is a concrete paving, the concrete base layer or the roc* bed can be used 
the base layer, and also at least one selected from soil, macadam and stone can be used as ™x£*V«- 
[0056] The NOx-cleaning paving structure of the present invention ^ especially preferred to ^J^aT^Sd- 
where exhaust gas is discharged from automobiles and concretely, can be formed ^^^^^T^^ 
ingly. it is characterized that NO x can be cleaned immediately after the discharge of Son H 

N 6x-cleaning paving structure on roadways and sideways. In comparison with ^«"»^£r JJJ 
waifs of buildings, the NOx-cleaning paving structure of the present invention can efficiently clean NOx to obtain a high 
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NOx-cl earring effect. 

[0057] In the present invention, as the surface layer containing cement and titanium oxide is formed on the asphalt 
layer, the asphalt layer is not deteriorated by titanium oxide, and as the surface layer contains cement, the durability 
thereof is excellent. 

s [0058] Particularly in cases where the asphalt layer is porous asphalt paving, a part of the surface layer penetrates 
into the pores of the porous paving during construction with the result of strongly adhering the surface layer and the 
asphalt layer and providing paving which has an increased durability. 

[0059] Furthermore in cases where the asphalt paving is one already used, the construction cost and the construction 
term are decreased as the construction of paving layer is only to change apart of the asphalt layer. 

w [0060] Additionally the surface layer is strongly adhered by providing an unevenness to the surface of asphalt layer 
with the result of obtaining an excellent durability. Furthermore the good durability and stability of a road is available by 
using a concrete base layer. The surface layer containing pozzolan materials can obtain an excellent strength as a 
hydrate is filled in voids. In cases where the surface layer contains adsorbing materials, an excellent NO x -cleaning effi- 
ciency is available as NOx is adsorbed during night and decomposed during day by sunlight. 

is [0061 ] In the present invention, as the surface layer containing cement and titanium oxide is formed on the concrete 
paving, the surface layer is provided with NOx-cleaning activity as well as the surface layer and the concrete layer are 
strongly adhered each other as the materials thereof are the same kind with the result that an excellent durability is 
available. 

[0062] In addition, in cases where the concrete paving is used concrete paving, the surface of the paving is easily 
20 repaired as concrete overlay method is used and also the surface on the used concrete paving can be provided with 
NOx-cleaning capability. 

[0063] Accordingly, it is easy to construct paving which has NOx-cleaning capability as well as the cost and term of 
the construction can be decreased. 

25 EXAMPLES 

[0064] A further detailed description is shown hereinafter by reference to specific examples which are provided herein 
for purposes of illustration only and are not intended to be limiting unless otherwise specified. 

30 Example 1 

[0065] In Figure 1 , a 4-cm-thick interlayer (is not shown) and a 45-cm-thick concrete layer 1 were formed on a particle 
size-controlled macadam roadbed, and a rubber-contained asphalt emulsion was spread on the concrete layer as a 
tack coat and then a half-flexible paving material 21 comprising a mother-asphalt mixture having a void volume of 23% 

35 was laid and next roll-pressed by roller, thereby to form a paving layer 2. 

[0066] After that, a slurry as a dough for surface layer was prepared by arranging and kneading a mixture comprising 
240 parts by weight of sand, 20 parts by weight of titanium oxide, 80 parts by weight of Portland cement and 40 parts 
by weight of water. After the temperature of the mother-asphalt mixture fell to a predetermined value, the slurry was 
applied to the surface of the paving layer, thereby to form a surface layer 3. A part of the slurry penetrated into the pores 

40 of the porous asphalt. 

[0067] The thickness of the surface layer of paving structure formed in this way was 8-1 0mm. A high NOx-cleaning 
effect was obtained in the above-mentioned road paving due to the NOx-cleaning action of the surface layer 3. 
[0068] In addition, the adhesion between the asphalt layer 21 and the surface layer 3 was satisfactory and an abrasion 
loss by labeling test was 0.4 cm 2 which demonstrated the excellent durability of the paving. 

45 

Example 2 

[0069] An ascon was prepared by mixing and heating 94 parts by weight of particle size-controlled macadam and 6 
parts by weight of asphalt. The ascon was laid on a road and was roll-pressed by roller to form asphalt paving. A slurry 
so was prepared by mixing 70 parts by weight of Portland cement, 15 parts by weight of titanium dioxide, 70 parts by 
weight of sand, 70 parts by weight of water and 0.1 parts by weight of Mighty-150 (Trade mark). The slurry was spread 
on the asphalt layer, followed by leveling the same to form road paving. A high NOx-clearing effect was obtained in the 
above-mentioned road paving due to the NOx-cleaning action of the surface layer. 

[0070] In addition, the adhesion between the asphalt layer and the surface layer was satisfactory and paving excellent 
55 in durability was obtained. In addition, another road paving was prepared by replacing Portland cement with white 
cement, which demonstrated that the road paving replaced with white cement had more excellent NOx-cleaning ability 
than the road paving formed by using normal Portland cement. 

[0071] Additionally, a center line was formed by using white cement, which demonstrated a higher NOx-cleaning 
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effect. 
Example 3 



[0072] An ascon was prepared by mixing and heating 94 parts by weight of partcle s ^-con^ ^am and 6 
parts by weight of asphalt. As illustrated in a cross-sectional view of Figure 2. a pav,ng layer 2 was P re P a . red t ^'^"? 
fhe ascoHn a irtic^ see-controlled macadam roadbed 4 formed on a roadbed 5. followed by rolling the sarne 
by roHer tc former, asphalt paving 21. The slurry of Example 2 containing titanium dioxide was spread on the formed 
asphalt paving21, followed by leveling the same to form road paving. t« *.« un 

The surface layer 3 of the road paving formed in this way demonstrated a high NOx-c.ean.ng effect d* , to MtoN^r 
cleaning action Also, in cases where stone was used for a base layer in place of the particle s.ze-cortrolled macadam 
57SCr cou^be used, which demonstrated no unfavorable influence on the NOx-clean.ng action of the surface 
layer 3. 

Example 4 

[0073] A layer comprising a mother-asphaft mixture having a void volume of 23% was prepared and was 

by roller. Then a slurry was prepared by mixing 90 parts by weight of Hosoh-Ace(Trade mark d f njectonj ^Mto 

half-flexible paving made by Mitubishi Materials Ca.super-rapidly hardening type), 10 parts by weight of titanium ox,de 

powder and 55 parts by weight of water. . . tho roari nauoH 

io074] The slurry was spread on the asphalt layer, followed by leveling the same to form road paving, ^eroad^ 
in this way demonstrated that the excellent NOx-deaning effect of the present .nventon was obta.ned due to the NO x 
cleaning action of the surface layer. 

Example 5 

[0075] Each paving structure was provided by adding fly ash or a blast furnace slag as adsorbing materials to the 

composition of the surface layer of the asphalt paving structure for NOx-deaning of ^ample l. 

[0076] Each paving structure containing the above-mentioned pozzolan materials demonstrated a high strength 

Example 6 

[0077] A paving structure was provided by adding active caibon as adsorbing materials to the composition of the sur- 
Scelayer of the asphalt paving structure for NOx-cleaning of Example 1 . The above-mentioned pavmg structure dem- 
onstrated an enhanced NOx-cleaning efficiency. 

Example 7 

[0078] The concrete paved road in Figure 3 is composed of an asphalt interlayer 7 on a maca « a ™°^J o *J "J* 
concrete paving 6 as apaving layer 2 on the interlayer. and a surface layer 3 conta.n.ng cement and titanium ox.de on 

IootT^TS of the surface of used concrete paving 6 in a concrete paved road was shaved, followed by abra- 

ering he abraslon-deaned face with the dough in 5 cm thickness using a finisher for thin layer PWj^S^S 
pointing was carried out. Samples werecut off from theresulted paving andtested by the methods mentioned later. The 
result obtained is shown in Table 1 . 

Example 8 

[0081 ] A part of the surface of used concrete paving in a concrete paved road was shaved, followed by abras^ear- 
ing the shaved face by shotblast. A dough was prepared by mixing the composition isted in laUe '^^ a ab ^ a 
cleaned face was covered in 7 cm thickness with the dough using a finisher for thin 'Waving After curing^ ^bng 
was carried out. Samples were cut off from the resulted paving and tested by the methods mentioned later. The result 
obtained is shown in Table 1 . 
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Example 9 

[0082] The surface of used asphalt paving in an asphalt paved road was abrasion-cleaned by shotblast A dough was 
prepared by mixing the composition listed in Table 1 and the abrasion-cleaned surface was covered in 3 cm thickness 
5 with the dough using a finisher for thin layer paving. After curing, pointing was carried out. Samples were cut off from 
the resulted paving and tested by the methods mentioned later. The result obtained is shown in Table 1. 

[NOx-cleaning capability test] 

10 [0083] Test specimens each having an area of 10 cm x 10 cm were cut off from paving surfaces which had completely 
hardened. The test specimen was ground into 1 cm thickness, put into a glass container and the NOx-cleaning capa- 
bility 

[0084] thereof was tested. The test method is as follows. The test specimen was put into a sealed glass container and 
an imitation gas having an NO x concentration of 1 ppm was introduced from the inlet of the container. The concentration 
75 of the gas flowing out of the outlet of the container was measured and NO x -removal degree was calculated by the fol- 
lowing formula. 

NO x -removal degree (%) = 

NO x concentration at the inlet - NO x concentration at the outlet Formula 1 

20 _ ci v 1 nn 

NO x concentration at the inlet 



25 Table 1 



Examples 


Portland 
cement 


High 
early 
strength 
cement 


Water 


Titanium 
oxide 


Fine 
aggre- 
gate 


Coarse 
aggre- 
gate 


Reduc- 
tion- 
water 
agent 


Steel fiber 


NOx- 
cleaning 
capabil- 
ity (%) 


7 




100 


50 


30 


245 


169 


0.4 




82 | 


8 


100 




48 


30 


247 


206 


0.4 




85 


9 




100 


50 


30 


245 


169 


0.4 


30 


87 


(Unitparts by weight) 

Titanium oxide : Crystal type - anataze, specific surface area-250cm 2 / g 
Reduction-water agent : A high-performance reduction-water agent, KAOH Mighty 150 
Coarse aggregate : Particle size 5-20mm 



40 

Application Available to Industry 

[0085] The NOx-cleaning paving structure of the present invention is provided to roadways or sideways in areas 
where NOx is found much. Specifically, concrete overlay method is applicable to used paving layers for providing the 
45 structure of the present invention and the present invention is used in paved roads construction such as repairing or 
strengthening surfaces thereof. 

Claims 

so 1 . An NO x -cleaning paving structure comprising: 

a paving layer and a surface layer in order, the surface layer being obtained from 100 parts by weight of 
cement, 5-50 parts by weight of titanium oxide powder, 100-700 parts by weight of aggregate and 5-100 parts 
by weight of water. 

55 

2. The NC^-cleaning paving structure as claimed in Claim 1 , wherein the paving layer is composed of asphalt paving. 

3. The NOx-deaning paving structure as claimed in Claim 1 , wherein the paving layer is composed of concrete pav- 
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ing. 



4. The NOx-cleaning paving structure as claimed in Claim 1 , wherein the paving layer is composed of a part of used 
asphalt paving. 

5. The NOx-cleaning paving structure as claimed in Claim 1 . wherein the paving layer is composed of a part of used 
concrete paving. 

6. The NOx-cleaning paving structure as claimed in any of Claims 1 . 2, 3, 4 and 5. wherein the thickness of the sur- 
10 face layer is 1 -300mm. 

7. The NOx-cleaning paving structure as claimed in any of Claims 1 , 2. 3, 4. 5 and 6, wherein the surface layer is 
formed from a dough including a high-performance reduction-water agent. 

w 8. The NOx-cleaning paving structure as claimed in my of Claims 1 . 2, 3, 4, 5. 6 and 7. wherein the surface layer con- 
tains 0.1-50 parts by weight of fiber. 

9. The NOx-cleaning paving structure as claimed in any of Claims 2. 4, 6. 7 and 8, wherein the asphalt layer is pro- 
vided with a base layer composed of concrete. 

20 

10. The NO x -cleaning paving structure as claimed in any of Claims 2, 4, 6, 7 and 8. wherein the asphalt layer is pro- 
vided with a base layer comprising a rock bed. 

1 1 . The NOx-cleaning paving structure as claimed in any of Claims 2, 4, 6, 7 and 8, wherein the asphalt layer is pro- 
25 vided with a base layer comprising at least one selected from soil, macadam and stone. 

12. The NOx-cleaning paving structure as claimed in any of Claims 2, 4, 6, 7 and 8, wherein the asphalt layer is the 
asphalt paving which is porous. 

30 1 3. The NOx-cleaning paving structure as claimed in any of Claims 1 to 1 2, wherein the paving layer has a surface hav- 
ing an unevenness. 

14. The NOx-cleaning structure as claimed in my of Claims 1 to 13, wherein 10-50 % by weight of an admixing additive 
comprising pozzolan materials relative to cement is added to the surface layer. 



35 



1 5. The NOx-cleaning paving structure as claimed in any of Claims 1 to 13, wherein 10-50 % by weight of an admbdng 
additive comprising a blast furnace slag having a powder value less than 4000m 2 /g relative to cement is added to 
the surface layer. 

40 1 6. The NOx-cleaning paving structure as claimed in any of Claims 1 to 15, wherein 2-30% by weight of an adsorbing 
material relative to cement is added to the surface layer. 



45 



50 



55 



10 

NSD0CID: <EP 0919667A1_I_> 



EP 0 919 667 A1 



FIG. 1 




FIG. 2 
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